Contemporary data are lacking for procedural practice, training provision and outcomes for awake fibreoptic intubation in the UK. We performed a prospective cohort study of awake fibreoptic intubations at a tertiary centre to assess current practice. Data from 600 elective or emergency awake fibreoptic intubations were collected to include information on patient and operator demographics, technical performance and complications. This comprised 1.71% of patients presenting for surgery requiring a general anaesthetic, with the majority occurring in patients presenting for head and neck surgery. The most common indication was reduced mouth opening (26.8%), followed by previous airway surgery or head and neck radiotherapy (22.5% each). Only five awake fibreoptic intubations were performed with no sedation, but the most common sedative technique was combined target-controlled infusions of remifentanil and propofol. Oxygenation was achieved with high-flow, heated and humidified oxygen via nasal cannula in 49.0% of patients. Most operators had performed awake fibreoptic intubation more than 20 times previously, but trainees were the primary operator in 78.6% of awake fibreoptic intubations, of which 86.8% were directly supervised by a consultant. The failure rate was 1.0%, and 11.0% of awake fibreoptic intubations were complicated, most commonly by multiple attempts (4.2%), over-sedation (2.2%) or desaturation (1.5%). The only significant association with complications was the number of previous awake fibreoptic intubations performed, with fewer complications occurring in the hands of operators with more awake fibreoptic intubation experience. Our data demonstrate that awake fibreoptic intubation is a safe procedure with a high success rate. Institutional awake fibreoptic intubation training can both develop and maintain trainee competence in performing awake fibreoptic intubation, with a similar incidence of complications and success compared with consultants.
Introduction
Since the first documented use in anaesthetic practice in 1967 [1] , awake fibreoptic intubation (AFOI) has cemented its role as an invaluable tool in the management of predicted difficult tracheal intubation [2] [3] [4] [5] [6] .
The 4th National Audit Project of the Royal College of Anaesthetists (NAP4) reported that provision of skill and equipment for this underutilised technique should be available in all anaesthetic departments [7] . However, the success of AFOI can be hampered by poor patient co-operation, limited recognition of distorted airway anatomy and airway contamination [7] . Additionally, a disparity in training provision [8] [9] [10] [11] , a discrepancy in case-load [12] [13] [14] and the availability of alternative techniques [15] may contribute to a reluctance to perform AFOI when indicated [16, 17] .
In our tertiary centre, indications for AFOI include complex and wide-ranging airway pathology requiring surgical intervention, and patients with unpredicted difficult airways. Inter-clinician variation in technique and performance (due to differing experience and training), as well as underlying patient pathology, may affect outcomes following AFOI in these highest risk patients. Our cohort of patients and clinicians allows a unique yet generalisable insight into training and performance of AFOI. Much of the published evidence relating to AFOI relies on subjective survey or retrospective data, and there are only a limited amount of prospectively collected, objective UK data [8-11, 18, 19] . Crucially, contemporary data relating to procedural practice, training provision and outcomes are significantly lacking. We therefore aimed to describe current practice, and quantify complications and outcome data in a prospective observational study at our high-volume tertiary centre over a 3-year period.
Methods
This was a prospective, observational study of AFOIs performed as part of routine clinical practice. Institutional Research and Development governance approval was obtained, waiving the need for formal ethical approval, as the study did not deviate from routine clinical practice. Study performance was in keeping with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) [20] recommendations for designing and reporting of observational studies. Data handling followed national guidance and the principles of the Declaration of Helsinki [21] . The patient population included all adult patients (> 18 years) presenting for ear, nose & throat (ENT), maxillofacial, plastic, orthopaedic, spinal, thoracic and urological surgery at Guy's Hospital, London, UK. A convenience sample of 600 patients was included for all AFOIs performed between September 2013 and December 2016. All patients receiving AFOI, either elective or emergency, for any indication deemed suitable by the operating anaesthetist were included. Exclusion criteria comprised: patient refusal; not having AFOI; and incomplete data. Data collection was performed contemporaneously by the operating anaesthetist, trainee or airway fellow. Data were collected using standardised forms and included: baseline characteristics (age, sex, height, weight); surgical specialty; intubator training grade; intubator AFOI experience; consultant anaesthetist presence; planned or unplanned procedure; route of AFOI (oral or nasal); indication for AFOI; equipment used; sedation technique; airway anaesthesia solutions; airway anaesthesia technique; and complications. Any missing data-points not captured at the time of intubation were sought from electronic and/or physical hospital records. Data regarding surgical case-load, both overall and per specialty, was obtained by querying the hospital electronic theatre management database (Galaxy Theatre Version 4.7.5, Christopher Kennedy, London, UK).
Data were collected for AFOIs performed by all anaesthetists, and were not limited to any individual surgical specialty or operative procedure. In order to minimise the risk of measurement error, all data were collected either during or immediately following performance of AFOI.
Data were anonymised and inputted into a standardised spreadsheet using Microsoft Excel 2016 (Microsoft Corp, Redmond, WA, USA). Continuous outcome variables were tested for normality using the Shapiro-Wilk test. Skewed distributions were analysed with the MannWhitney U-test. Correlations were assessed either using Spearman's rank correlation coefficient (q) for categorical variables or Pearsons correlation (r) for continuous variables. A p value < 0.05 was considered significant. Statistical analysis was performed using SPSS â for Mac, version 23.0 (SPSS â Inc., Chicaco, IL, USA).
Results
Ten data-capture forms were incomplete and were thus excluded. Data from 600 AFOIs were collected over the study period from a total of 35,033 general anaesthetics administered, with an estimated overall AFOI incidence of 1.71%. (Table 1) . Two AFOIs were performed in ICU patients. Five hundred and eighty-six (97.7%) AFOIs were planned procedures, whereas 14 (2.3%) were described as unplanned or emergency. Awake fibreoptic intubations were performed out-of-hours (17:00-08:00 h) in 21 (3.5%) cases.
The single most common indication cited for performance of AFOI was mouth opening < 3.5 cm, present in 161 patients (26.8%). This was followed by 135 (22.5%) for previous airway surgery, 135 (22.5%) for head and neck radiotherapy, and 66 (11.5%) with limited neck extension (Table S1 ).
In 83 patients not presenting for head and neck surgery, the most commonly documented indications for AFOI were 22 (26.5%) for previous difficult intubation, 20 (24.1%) for mouth opening < 3.5 cm, 20 (24.1%) for neck extension < 80°, followed by 14 (16.9%) for previous head and neck radiotherapy and 12 (14.5%) for previous airway surgery.
Five hundred and ninety-four out of 600 cases (99.0%) had at least one documented indication for performing AFOI, 205 (34.2%) had two indications, 176 (29.3%) had three indications, 55 (9.2%) had four indications, 13 (2.2%) had five indications, and just two (0.3%) had six or more indications.
Of all 600 AFOIs performed, five (0.8%) were performed with no sedation. One AFOI was performed with a single midazolam bolus (0.2%), and 52 (8.7%) used an opioid-only sedative technique. The most common sedation method involved a combination of remifentanil and propofol target-controlled infusions in 516 AFOIs (86.0%). Other techniques involved a range of drugs, either in isolation or in combination. These included propofol boluses in 18 (3.0%); alfentanil boluses in eight (1.3%); fentanyl boluses in two (0.3%) and remifentanil boluses in two (0.3%).
Pre-procedural topical local anaesthesia was achieved in 553 (92.2%) AFOIs via a range of techniques: mucosal atomising device; transtracheal injection; nebulised local anaesthetic; and the McKenzie technique [22] . An isolated spray-as-you-go technique was used in five patients (0.8%), but this was combined with pre-procedural topical local anaesthesia in the remaining 42 AFOIs (7.0%).
Oxygenation was achieved with heated and humidified oxygen via high-flow nasal cannula (HFNO) using Optiflow TM (Fisher & Paykel Healthcare, Auckland, New Zealand) in 294 (49.0%) patients, with a nasal sponge or cannulae in 159 (26.5%) patients, a face mask in 129 (21.5%) patients, a catheter mount in one (0.2%) patient and no supplementary oxygen in 17 (2.8%) patients. When considering the incidence of complications, there was no statistically significant difference between patients managed with HFNO and those managed with other oxygenation strategies (9.2% vs. 12.7%, respectively, p = 0.163), nor was there any difference in the incidence of desaturation (1.0% vs. 2.0%, respectively, p = 0.343), although over-sedation was more likely to occur (3.4% vs. 1.0%, respectively, p = 0.042). There was a progressive increase in usage of HFNO during the study, such that up to 100% of AFOIs were performed using this technique in the latter stages (Fig. 1) .
The primary AFOI attempt was via the nasal route in 452 episodes (75.3%), with the remainder being Table 1 Distribution of specialties in which awake fibreoptic intubation (AFOI) (n = 600) was performed and the incidence of complications occurring in each specialty. The primary operator was a senior anaesthetic registrar (ST5-7) in 433 (72.2%) AFOIs, a junior anaesthetic registrar (ST3-4) in 28 (4.7%), a core trainee (CT1-2) in 9 (1.5%) and an ENT registrar in one case (0.2%). One hundred and twenty-nine (21.5%) AFOIs were performed by consultants. A total of 79 AFOIs (13.2%) in our data-set were performed by trainees that were not supervised by a consultant, of which 56 (70.9%) had performed more than 20 previous fibreoptic intubations.
Three hundred and eighty-four (64.0%) AFOIs were completed by operators who had performed the procedure more than 20 times in the past, 78 (13.0%) by operators who had previously performed [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] AFOIs and 56 (9.3%) by anaesthetists who had performed 5-10. Just 41 (6.8%) AFOIs were performed by those who had performed fewer than five AFOIs.
The success rate of AFOI in this data-set was 99.0%, as six (1.0%) of the 600 procedures failed (Table 2 ). There were no episodes of death, cannot intubate/cannot oxygenate, emergency tracheostomy or long-term sequelae in any of the failed AFOI patients.
There were a total of 66 (11.0%) AFOIs with complications, 15 of which had multiple complications, leaving a total of 81 complications in this cohort (Table 3) . Fifty-seven of the complications occurred in patients presenting for head and neck surgery, and nine in non-head and neck surgical patients. However, the incidence of complications was independent of surgical specialty (p = 0.961). Additionally, increasing BMI was not correlated with an increasing incidence of complications (r = 0.011, p = 0.796), nor were patients with a high BMI (≥ 30) at greater risk of desaturation (p = 0.88) or any complication (p = 0.92, Table 3 ). There was no association between local anaesthetic method, Frequency (%)
Time (month) Figure 1 The increasing frequency of high-flow, heated and humidified oxygen via nasal cannula use over the study period (black bars), contrasting with the frequency of complications (grey line). sedation technique (p = 0.32) or the route of AFOI (nasal vs. oral, p = 0.32) and the incidence of complications. Although 53 (80.3%) complicated AFOIs occurred in the hands of trainees and 13 (19.7%) with consultants, there was no correlation between AFOI complication rate and group (trainees vs. consultants, p = 0.70), nor was there any correlation between training level and complication incidence (q = À0.013, p = 0.76). Just one of the AFOIs performed by an unsupervised trainee was complicated. However, there was a statistically significant correlation between the number of previous AFOIs performed and incidence of complications (ρ = -0.092, p = 0.03).
Of the 66 complicated AFOIs, the most commonly cited complication was multiple attempts, defined as more than one attempt at intubation in 25 (4.2%) of all AFOIs. Oversedation occurred in 13 (2.2%) of AFOIs, and desaturation occurred in nine (1.5%). The primary tracheal tube chosen for intubation was changed in six (1.0%) AFOIs and the primary route of intubation failed in five (0.8%) initial attempts. Other multiple reported complications were four (0.7%) for trauma, four (0.7%) for patient distress and three (0.5%) for bleeding.
Discussion
This is the largest prospective study of contemporary UK-based awake fibreoptic intubation practice, and it has broad and relevant technical, training and outcome implications. We demonstrated that the most common indication for performing AFOI in patients with head and neck pathology was reduced mouth opening, whereas in the general population, previous difficult intubation, reduced mouth opening and reduced neck extension were the most significant indications for AFOI. The majority of AFOIs followed a similar local anaesthetic and sedation strategy, and the use of HFNO is becoming increasingly prevalent. Training provision was consistently high, and complications were related to previous AFOI experience, but not to training grade. Our data-set demonstrated a low failure rate, with no deaths, no cannot intubate/cannot oxygenate scenarios, no long-term sequelae, and complications occurred in just over one-tenth of AFOIs. Our institutional rate of AFOI at 1.71% is comparable to those in other UK and North American centres [14, 23] , but is lower than that seen in European institutions [12, 24] .
Many indications for performing AFOI have been described [4, 12, [25] [26] [27] [28] . Despite reports promoting Multiple attempts is defined by > 1 attempt. Failed primary tube is defined as a change in the initial tube chosen for AFOI at any time during the procedure. Failed primary route refers to when a change in AFOI route was required, either from nasal to oral, or oral to nasal.
AFOI as the 'gold standard' technique, particularly in patients with limited mouth opening and reduced neck extension [7, 17, [29] [30] [31] , many have sought alternatives to AFOI for this clinical presentation [32] [33] [34] . However, to our knowledge, this is the first study demonstrating limited mouth opening as the single most significant indication for AFOI, and our data suggests that this approach is safe. Our data comprised prospective, detailed information on technical performance of AFOI, including oxygenation, sedation and local anaesthesia topicalisation techniques, unlike other retrospective analyses [18, 19] . We have demonstrated a standardised AFOI technique using pre-procedural topical local anaesthetic using a mucosal atomising device, sedation with remifentanil and propofol target-controlled infusions, and the widespread use of HFNO. However, we could not demonstrate a lower complication rate for this technique when compared with other methods. Although some evidence suggests dexmedetomidine infusion as the sedative technique of choice, the quality of this evidence is limited, and the experience of the operating anaesthetist with their drug of choice is more pertinent [35] [36] [37] , in keeping with our results. Law et al. reported that 5% of AFOI complications were due to partial or complete airway obstruction associated with topical local anaesthetic [19] . There were no reported incidents of airway obstruction in our cohort, suggesting the standardised technique we report here may confer safety benefits, even before insertion of a flexible bronchoscope. The preferred route of access for AFOI was nasal, but there was no difference in the incidence of complications between the oral and the nasal route. Oral AFOI requires less local anaesthetic, is less traumatic and is potentially not as stimulating as nasal AFOI [38] , but can be more technically challenging, particularly in patients with limited mouth opening. These differences were not apparent in our results.
Our cohort is the largest demonstrating the use of HFNO in peri-operative practice. High-flow nasal oxygenation provides apnoeic ventilation and continuous positive airway pressure of up to 7.1 cmH 2 O at 70 l.min
À1
. With closed mouth breathing, up to 100% oxygen can be provided [39] [40] [41] [42] . These advantages, particularly in the obese patient, have led to HFNO becoming the institutional standard oxygenation strategy for AFOI. Our data demonstrate that HFNO, particularly when compared with alternative oxygenation methods during AFOI, is safe, efficacious and feasible.
The BMI of the general population is increasing [43] , and the incidence of difficult airway is greater in this patient cohort [44] . The ideal airway management technique for patients with high BMI remains controversial [45] . Although asleep videolaryngoscopy may reduce the incidence of failed intubation and improve glottic views when compared with direct laryngoscopy, there is no evidence that it reduces cannot intubate/ cannot oxygenate scenarios, hypoxia or respiratory complications [46] . The safety of awake techniques in obese patients lies in the inherent capacity of patients to maintain airway tone, luminal patency and spontaneous ventilation [47] , particularly at the susceptible velopharynx [48] . Awake (or sedation) techniques could include awake videolaryngoscopy or AFOI. Although time to intubation might be reduced with awake videolaryngoscopy when compared with AFOI (with no difference in patient satisfaction) [49] , the views obtained are worse [50] , and more significantly, particularly in obese patients, there is a complication rate (including multiple attempts and failures) of up to 46% [51] . Thus, questions remain over the safety of awake videolaryngoscopy in obese patients. Our data demonstrate that AFOI is a safe technique regardless of BMI.
Management of the predicted difficult airway in a patient presenting for thoracic surgery presents its own challenges. The use of asleep videolaryngoscopy to assist with insertion of a double-lumen endobronchial tube has been investigated [52, 53] , but videolaryngoscopy does not eliminate difficult or even failed intubation [46] . Awake fibreoptic intubation in 15 thoracic surgical patients was successful, and took place without complications in our cohort. Although the study is underpowered to compare safety between surgical subgroups, it seems evident that AFOI is safe for the surgical procedures included in this cohort. Following successful and safe single-lumen intubation with AFOI, there are a number of possibilities for safe unilateral lung isolation thereafter, including the combined use of a fibreoptic bronchoscopy and either direct laryngoscopy, or videolaryngoscopy for insertion of a double-lumen tube, the use of an airway exchange catheter to insert a double-lumen tube or the use of an independent bronchial blocker [54] .
Provision of airway training has recently been reviewed, suggesting global systemic training deficiencies in this area [10, 11, 15] . Contrary to national survey reports [13, 55] , our institutional data demonstrate that trainees have a high exposure to AFOI, with more than three-quarters of AFOIs being performed by trainees rather than consultants. We did not find any studies in the published literature rivalling our emphasis on trainee practice and experience. Furthermore, complications were no more likely to occur in the hands of trainees than they were in the hands of consultants. Additionally, more than a tenth of AFOIs were performed by trainees without the direct supervision of a consultant, with only a single complication occurring in this sub-group. However, this study makes it clear that, irrespective of training grade, the greater the practical experience of AFOI, the safer the outcomes for patients. By emphasising and encouraging trainee practice, a generation of consultants competent and comfortable with performing AFOI may emerge, increasing the safety of airway management, an ideal widely called-for [11] . This is reflected in the overall safety of AFOI in our centre, with lower rates of failure than AFOIs performed in volunteers (10%) [56] , and when performed as part of routine institutional practice (1.6% [24] and 2% [19] ). Interestingly, despite the heavy weighting of trainees performing AFOIs, our data report a similar failure rate (1.0%) to recent data from North America [18] , although all AFOIs from this latter group were performed by consultants. This further reinforces our finding that outcomes are not related to training grade but to prior and continued exposure. Gaining and maintaining competence in this technique, irrespective of training grade, ensures that anaesthetists are less likely to avoid performing AFOI when it is indicated, and thereby promote safe technique. Although factors such as surgical background, BMI and airway pathology are traditionally viewed as predictors of challenging awake or asleep intubation [33, 57] , this can be overcome by practical experience and institutional training.
Our study has some weaknesses. Firstly, it is possible that data from some AFOIs were not collected, as not all anaesthetists had completed data-capture forms.
Early on in the study, this was countered by increasing awareness, educating anaesthetic assistants and ensuring that forms were readily available wherever an AFOI might be performed. Secondly, some data forms were incomplete, and thus had to be excluded. This may have skewed our overall findings, although the number of incomplete forms was small. Thirdly, detailed data on patient comorbidity was not collected, which, if available, may have aided further analysis by way of patient stratification. Finally, this was a singlecentre study, so the generalisability of data should be treated with caution. Despite this, we believe that our patient and surgical backgrounds are representative of other units with head and neck surgical services, and the cohort of non-head and neck surgical patients suggests that our outcome data are relevant.
In conclusion, our data have demonstrated that AFOI is a safe procedure with a high success rate, irrespective of the training grade of the operator, but outcomes are affected by operator experience with AFOI. The most common indication for AFOI was limited mouth opening, and outcomes were independent of surgical background, patient characteristics or airway pathology.
